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A B S T R A C T
The capacity of a nation to address the hydrological impacts of climate change depends on the institutions
through which water is governed. Inter-institutional networks that enable institutions to adapt and the factors
that hinder smooth coordination are poorly understood. Using water governance in India as an example of a
complex top-down bureaucratic system that requires eﬀective networks between all key institutions, this
research unravels the barriers to adaptation by combining quantitative internet data mining and qualitative
analysis of interviews with representatives from twenty-six key institutions operating at the national level.
Institutions' online presence shows a disconnect in the institutional discourse between climate change and
water with institutions such as the Ministries of Water Resources, Earth Sciences and Agriculture, indicating a
lesser involvement compared to institutions such as the Ministries of Finance, External Aﬀairs, Planning
Commission. The online documents also indicate a more centralised inter-institutional network, emanating from
or pointing to a few key institutions including the Planning Commission and Ministry of Environment and
Forests. However, the interviews suggest more complex relational dynamics between institutions and also
demonstrate a gap between the aspirational ideals of the National Water Mission under the National Action Plan
on Climate Change and the realities of climate change adaptation. This arises from institutional barriers,
including lengthy bureaucratic processes and systemic failures, that hinder eﬀective inter-institutional networks
to facilitate adaptation. The study provides new understanding of the involvement and barriers of complex
multi-layered institutions in climate change adaptation.
1. Introduction
Climate change is likely to aﬀect the spatio-temporal distribution,
availability and demand for water (IPCC, 2014) through changing
precipitation (Chou et al., 2013) and evapotranspiration patterns,
glacier melt rates (Jiménez Cisneros et al., 2014) and saline intrusion
of coastal aquifers (IPCC, 2014). Water institutions – government
ministries, departments and agencies, non-governmental and develop-
mental agencies, and research and academic institutions – need the
ability to anticipate and alleviate these potential threats in order to
minimise vulnerability and damages (Bohensky et al., 2010; Matthews
and Sydneysmith, 2010), while also taking advantage of the opportu-
nities aﬀorded by adaptation (IPCC, 2007; Vincent, 2007) and from
complementing ongoing mitigation eﬀorts (IPCC, 2014; Simonet and
Fatorić, 2015). Although informal institutions, such as the ways in
which societies interact, also play an important role in climate change
adaptation (Berman et al., 2012), formal institutional bodies(particu-
larly government institutions which have their mandate enforced by
legislation) play a major role in the allocation of resources, delineating
responsibilities between actors, facilitating actions and mediating
trade-oﬀs (Cook et al., 2010). Hence, they are at the very heart of
how the challenges of climate change will be addressed (Cook et al.,
2010).
In addition to the availability of infrastructure, resources and
technology (Arnell and Delaney, 2006; Charlton and Arnell, 2011),
the adaptive capacity of water-related institutions (Charlton and Arnell,
2011; Engle, 2011) will depend on how eﬀectively decision makers can
gather the required information and knowledge; recognize the need for
adaptation; and decide to undertake adaptation (Yohe and Tol, 2002).
Adaptation, therefore, involves the exchange of knowledge and experi-
ence (Brown et al., 2013a,b; Adger et al., 2005; Lejano and Ingram,
2008; Ziervogel and Downing, 2004) through networks at various
scales (Adger et al., 2005; Juhola and Westerhoﬀ, 2011). The role of
social networks to enhance the adaptive capacity of individuals (Benson
et al., 2015), farmers (Aulong et al., 2012), communities (Brown et al.,
2010), non-proﬁt organisations (Steinberg, 2009) and societies (Clarvis
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and Allan, 2014; Davies, 2005; Dow et al., 2013; Lejano and Ingram,
2008; McAllister et al., 2014; Pasquini et al., 2015; Provan and
Milward, 2001) is widely recognised. Social networks between key
oﬃcials allow institutions to cross or blur formal institutional and
sectoral boundaries, building ‘relational capital’ (Wallis and Ison, 2011)
and providing “a constellation of relationships that can be activated
when needed” (Lejano and Ingram, 2008; p. 251). Such inter-institu-
tional networks are complex because institutions are made up of
individuals (Pahl-Wostl, 2009) with diﬀerent personalities and motiva-
tions. However, knowledge regarding networks among public institu-
tions is very limited (Arnell, 2010). Therefore, there is a need to
understand the factors and circumstances that strengthen the ties and
cooperation between various institutions and sectors for information
diﬀusion and knowledge exchange (Popp et al., 2013) that ultimately
enhance adaptive capacity.
Literature on identifying characteristics and attributes that enable
(Wilby and Vaughan, 2011) or hinder (Moser and Ekstrom, 2010;
Sciulli, 2013) institutions to adapt to climate change is growing
(Biesbroek et al., 2013). However, the circumstances under which such
enabling factors are utilised, enhanced, created or shared among
institutions or how adaptation barriers emerge (Azhoni et al., 2017),
persist and aﬀect the capacity of water institutions to adapt are poorly
understood (Eisenack et al., 2014). Achieving the desired adaptation
goals is not contingent on adaptive capacity alone, but also upon many
factors such as socio-economic and cultural factors (Azhoni et al., 2017)
that shape decision makers’ perceptions of risks (Liu et al., 2016; Smith
et al., 2014), willingness to act (Adger et al., 2009; Giﬀord et al., 2011;
Grothmann et al., 2013) or to prioritise actions. How actors perceive
what options and alternatives are under their control, and perceptions
of who the key stakeholders are, is particularly pertinent for deliberat-
ing and implementing adaptation strategies (Moser and Ekstrom,
2010). Therefore, understanding the traits of the governance system
regarding who has control over the processes of policy making and
resources allocation will play an important role in determining the
adaptation outcome (Berrang-Ford et al., 2014).
Since adaptation usually entails the involvement of key stakeholder
institutions, identifying the underlying adaptation barriers to their (lack
of) involvement (Azhoni et al., 2017) is pertinent. Even the best top-
down national or regional plans may not necessarily translate into
successful adaptation (Preston et al., 2010), as adaptation is context
speciﬁc (Eisenack et al., 2014) and contingent upon such factors as the
aptitude and attitude of implementing agencies towards risks
(Berkhout, 2012; Wilby and Vaughan, 2011), political and circumstan-
tial priorities (Haddad, 2005) and the availability of resources and
technology. Exposing the factors that stop, divert or delay institutions
to eﬀectively adapt are crucial in the adaptation process (Berkhout,
2012). Although adaptation research is transitioning from awareness
raising to strategizing adaptation (Mimura et al., 2014), few studies
demonstrate that adaptation is occurring (Moser and Boykoﬀ, 2013).
The limited reports of actual adaptation (for example, Tompkins et al.,
2010) are conﬁned to industrialised countries that aﬀord lesser
relevance to developing countries that have competing developmental
and economic priorities. Therefore, in this study, while we unpack the
complexities of inter-institutional relationships and their individual and
joint involvement in climate change adaptation in the context of water
management, we aim to identify and expound adaptation and network
barriers by looking at the complexities in a large and multi-faceted
context exhibited by a developing economy, India.
1.1. Context: climate change adaptation in India
Facilitating adaptation is particularly important in the Indian
subcontinent, where climate change is likely to impact a billion people
(Immerzeel et al., 2010) and magnify the existing water management
challenges of growing demand (Bhuiyan et al., 2009; Mukherjee et al.,
2010), poor performance and deteriorating infrastructure (Ananda
et al., 2006; Basu and Joshi, 2000). India is a welfare state (Narain,
2000) where government institutions both frame laws and policies
(Saleth, 2004), meet water demands and manage water related disasters
(Ananda et al., 2006). At the Union (national) Government level,
multiple ministries have responsibility within the water sphere, sup-
ported by many agencies and research institutions. This institutional
complexity is evident (Fig. 1) within the current National Water Mission
(NWM) (MWR, 2011) that is being implemented under the National
Action Plan on Climate Change (NAPCC) (PMCCC, 2008).
This research focusses on Union Government Ministries, govern-
Fig. 1. Institutions involved in the National Water Mission under the National Action Plan on Climate Change in India. (Adapted from (MWR, 2011) and PMCCC, 2008).
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ment agencies and departments, research and academic institutions and
non-governmental organisations (collectively referred to as institutions)
that have a stake in the water sector in India. It seeks to understand the
inter-relationships between these institutions in a complex top-down
bureaucratic system of water governance. We aim to understand the
strengths of ties and cooperation between various institutions and
sectors so as to identify barriers and bottlenecks (Biesbroek et al., 2013;
Eisenack et al., 2014; Moser and Ekstrom, 2010) to information
diﬀusion and knowledge exchange (Popp et al., 2013; Ziervogel and
Downing, 2004), and thereby identify the key opportunities (McNeeley,
2012) to develop more eﬀective networks for adaptation between
diﬀerent sectors and stakeholders (Hamlet, 2011).
2. Methods and material
This research uses qualitative and quantitative approaches (Fig. 2)
to identify and evaluate the involvement of key national-level institu-
tions in India in climate change adaptation for water management.
Their involvement, interests, inter-actions, and adaptation barriers
were evaluated in two stages: a) quantitative internet data mining of
the external-facing online presence of Union Government institutions to
identify key institutions, supplemented with b) qualitative analysis of
interviews with key representatives.
2.1. Analysis of online presence for external portrayal of interest and
inﬂuence
National e-Governance initiatives in India and the Right to
Information Act, 2005 (GoI, 2005) mandate government institutions
to proactively make information publicly accessible. Consequently,
most government reports, including documents related to the formula-
tion and implementation of the National Water Mission, consultation
workshops, trainings and seminars, funding and recruitment are avail-
able via the government websites. This enables the interest/involve-
ment of Union Government institutions and the potential inter-actions/
inﬂuence between them to be evaluated based on their online presence
and thereby identiﬁes the key players in the national discourse on
climate change adaptation for water management.
The websites of sixty Union Government institutions (listed in
Supplementary materials) were systematically searched using the
Advanced Google search engine (https://www.google.co.in/advanced_
search) during 13–23 May 2013 to identify those institutions with the
greatest public-facing interest/activity in water and climate change on
the basis of the total number of webpages and downloadable PDF and
Word documents (hereafter referred to as online returns) containing the
keywords “water” or “climate change”. Key institutions were identiﬁed
according to whether the total number of online returns or the number
per thousand indexed webpages (to avoid disadvantaging smaller
institutions) exceeded a threshold value denoted by a signiﬁcant
discontinuity in the distribution of online returns. Selection based on
threshold number, instead of a mean, median or quartile, ensured that
key institutions were identiﬁed on the basis of a noticeable diﬀerence in
their external portrayal of interest and inﬂuence in a sample where the
numbers of online returns detected were highly variable.
Within the subset of identiﬁed key Union Government institutions,
two further broad searches were carried out on their websites to
identify online returns based on:
• the keywords [“adaptation” AND “climate change”]; [“adaptation”
AND climate change NOT mitigation]; [“Mitigation” AND “climate
change”] and [“mitigation” AND “climate change” NOT “adaptation”]
to evaluate the relative institutional emphasis between mitigation
and adaptation in their climate change discourse.
• the keywords [individual name of the other 59 institutions] AND
[“climate change” AND “water”] to identify the inter-actions or
potential inﬂuence between the key institutions
Results were tabulated in a matrix and network diagrams drawn,
using NodeXL (Smith et al., 2010). The potential ‘strength’ of inter-
institutional ties (as given by the number of online returns with
“institution name” AND “climate change” AND “water”) is denoted by
the width and direction of connecting arrows; and their involvement (as
determined by the number of online returns for “water” AND “climate
change adaptation” in their respective website) shown by the diameter of
the nodes.
2.2. Stakeholder interview analysis for internal perception of interest and
inﬂuence
Quantitative analysis of the institutional websites identiﬁed those
key institutions whose outward-facing public image reﬂects an interest
in climate change adaptation for water management and also the
apparent strength of inter-actions between them. However, institutions
do not function in a vacuum of human agency and dynamics of human
Fig. 2. Schematic of the methodological approach of the study.
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relationships, perceptions and attitudes are complex and hard to
decipher by document analysis alone. Therefore, the online analysis
was supplemented by in-depth interviews with representatives from
these key institutions and other institutions identiﬁed as important by
these interviewees.
A semi-structured interview template (available in the
Supplementary material) was framed based on a literature review and
reﬁned through two pilot interviews conducted with researchers who
have knowledge regarding India and climate change adaptation.
Approval of the questionnaire and interview protocol was obtained
from the ethics committee. The questions assessed the interviewees’ a)
perceptions of climate change impacts for water management [not
reported here], b) actions [or inactions] triggered by such perceptions,
c) aspirations for and suggestions to address the climate change
impacts, d) the barriers and challenges for adaptation, and e) their
key partner institutions for adapting water management to climate
change. The interviewees within eight key Union Ministries identiﬁed
through the online analysis were chosen based on their work portfolio
(such as being in-charge of the Climate Change Cell), or by recommen-
dation of other respondents. In addition, Union Government agencies
and research institutions that work closely with these Union Ministries
and other institutions identiﬁed as important by at least two respon-
dents were included. Participants were contacted ﬁrst through email
using a standardized letter followed by phone calls to arrange appoint-
ments.
All twenty-six interviews were conducted in English and audio
recorded, except for four where permission was not granted. The
respondents were from eight Union Ministries (coded as UM), ﬁve
government agencies (GA), six research institutions (RI), ﬁve non-
governmental organisations (NG) and two academic institutions (AI).
Respondents were coded by these acronyms along with a numerical
ﬁgure to anonymise yet retain traceability. The interviews were mostly
carried out with a single representative. Interviews ranged from nine to
90 min with an average of 30 min. The length of each interview
depended upon the interest and knowledge of the respondent, but only
two interviews were shorter than 15 min. The shorter interviews,
although unable to provide detailed insights into climate change
adaptation initiatives and barriers, provided an opportunity for the
interviewees to identify their key partners. Since the key aim of the
interview was to identify the key institutions and examine their
involvement and challenges of adaptation, we believe that the small
number of short interviews did not aﬀect the results signiﬁcantly.
The interpretative approach to content analysis was guided by
established methods and relied on inductive insights (Saldana, 2009).
The ﬁrst reading and coding of the verbatim transcripts captured the
terms that respondents use in their everyday work (Saldana, 2009; p.
74) and identiﬁed the main topics that correspond to the research
objectives. Following common practice in grounded theory (Bryant,
2014; Creswell and Miller, 2000; Merriam, 2009; Patton, 1999), the
coding process led to the inductive identiﬁcation of themes and sub-
themes from the data set. Increased understanding of the data set led to
frequent checks and re-organization of themes and sub-themes. The
reliability of the coding process was ensured by verifying the coding of
the transcripts from the most recently coded to the earliest which
reduces the inﬂuence of the earliest coded transcripts (Saldana, 2009).
The codes were arranged systematically into themes using QSR NVivo
10 (Richards, 1999), with the keyword “query” feature used to
minimise omission of key points, and to enable review of the context
in which the keywords occurred. Diverging from conventional content
analysis approaches (Strijbos et al., 2006; Tang et al., 2013), higher
frequency of codes is not considered synonymous with importance
(Fereday and Muir-Cochrane, 2006). Nevertheless, the number of
respondents emphasizing a particular point (see Appendix C of the
Supplementary material) was recorded, as this constitutes an indicator
of identiﬁable (or lack thereof) involvement and barriers.
An inter-institutional network diagram was derived from a matrix of
interviewees’ identiﬁed key partner institutions using NodeXL (Smith
et al., 2010) and evaluated against the inter-institutional network
derived from the online analysis.
3. Findings
3.1. Involvement in climate change adaptation discourse: online presence
Fifteen Union Government institutions (Fig. 3) were identiﬁed as
publicly portraying the most involvement/interest in the climate
change discourse, based on having either 134 or more online returns
each (Group 1- Fig. 3) or 24 or more online returns per thousand
indexed webpages (Group 2- Fig. 3) containing the keyword “climate
change”. The highest number of online returns was in the Ministry of
Finance (2860) followed by the Ministry of External Aﬀairs (2260).
Similarly, eighteen institutions portrayed the greatest online involve-
ment/interest in the water discourse. Thirteen (Group 3 - Fig. 3) have
1602 or more online returns with the keyword water and twelve have
209 or more per thousand indexed webpages (Group 4)
Based on this analysis, 9 institutions were identiﬁed as most
involved/interested in the climate change and water discourse (being
present in both Group 1 and/or 2 and Group 3 and/or 4) – Ministry of
Agriculture, Ministry of Environment and Forests [renamed as Ministry
of Environment, Forests and Climate Change on 26th May 2014],
Ministry of Science and Technology, Planning Commission [“Planning
Commission” is used here as the data was collected before it was
replaced by NITI Ayog (National Institution for Transforming India),
declared on 15th August 2014], Ministry of Commerce and Industry,
Ministry of Railways, Ministry of External Aﬀairs, Ministry of Earth
Sciences and the Ministry of New and Renewable Energy. They were
augmented by 3 institutions which showed particularly high involve-
ment/interest in the climate change discourse (being present in both
Group 1 and 2 – Ministry of Development of North-Eastern Region,
Ministry of Finance and Prime Minister’s Oﬃce) and 3 institutions
which showed high involvement/interest in the water discourse (being
present in both Group 3 and 4 – Ministry of Drinking Water and
Sanitation, Ministry of Urban Development and Ministry of Water
Resources).
The online returns for adaptation and mitigation keywords in the
websites of these ﬁfteen Union Government institutions consistently
showed that there are more online returns for mitigation than adapta-
tion, except for the Ministry of Development of North-Eastern Region
(Fig. 4). In addition, adaptation is rarely mentioned in isolation from
mitigation (Fig. 4), indicating an emphasis on mitigation in the
government websites. Fig. 4 shows that the institutions highly involved
in water related activities, such as the Ministries of Water Resources,
Drinking Water and Sanitation, and Agriculture, have less reference to
climate change than other ministries. However, this partly reﬂects
institutional size, where, for example, the Ministry of Railways (one of
the largest institutions in India) has a huge number (36,300) of
documents/webpages mentioning ‘water’. However, this represents
only seventy-ﬁve per thousand webpages/documents, which is much
less than institutions such as the Planning Commission (438 per
thousand webpages/documents) and Ministry of Agriculture (400 per
thousand webpages/documents).
3.2. Quantifying involvement and inﬂuence based on online presence
Fig. 5 quantiﬁes the online portrayal of institutional involvement
(as given by the diameter of the node) and inter-institutional inﬂuence
(arrow direction and width). Four Union Government institutions, viz;
Planning Commission, Ministry of Environment and Forests, Ministry of
External Aﬀairs and Ministry of Agriculture show the biggest online
involvement or interest in climate change and water issues. In contrast,
the Ministry of Water Resources (the key institution for formulating
water policy and water resources management) and the Ministry of
A. Azhoni et al. Global Environmental Change 44 (2017) 144–157
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Earth Sciences (which heads activities relating to the weather forecasts
and climate studies in India) emerge as much less involved or
interested.
As illustrated in Fig. 5, the Planning Commission is shown to have
the greatest inﬂuence with strong ties with all the key institutions. This
is unsurprising as it makes the major decisions regarding investments
and infrastructure development in the country and is headed by the
Prime Minister. The Ministries of Earth Sciences and Science and
Technology appear to have a weak inﬂuence with all other institutions.
Given the important role of irrigation in Indian agriculture that makes it
the largest consumer of water, the weak inﬂuence between the
Ministries of Agriculture and Water Resources is surprising, especially
given that the Ministry of Water Resources is involved in the develop-
ment of mega irrigation projects. The lack of apparent inﬂuence
between such key institutions is suggestive of the presence of barriers
to information or knowledge exchange which is explored further in the
interviews with representatives in the following sections.
3.3. Key partners informed by interview respondents
The key partners identiﬁed by the representatives of each institution
are shown in Fig. 6. Seventy-nine partner institutions with whom they
have worked or are actively interacting with in relation to water and
climate change were speciﬁed. Some respondents mentioned generic
Indian Institutes of Technology (IITs), National Institutes of Technology
(NITs) or Non-Governmental Organisations (NGOs) and each have been
aggregated.
The Ministry of Water Resources and the Indian Institute(s) of
Technology were most commonly mentioned as key partners (eight
each), followed by the Ministry of Environment and Forests (seven
respondents). Four institutions; TERI (The Energy and Resources
Institute), National Institute of Hydrology, Ministry of Urban
Development, and Ministry of Agriculture followed these with ﬁve
each. The prominent importance of the Ministry of Environment and
Forests and Ministry of Agriculture in Fig. 6 corroborated the online
Fig. 3. Union Government level institutions with the greatest online interest in climate change and water management, based on online returns using the keywords “Climate change” and
“water”.
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perception of signiﬁcant involvement (Fig. 5). However, the intervie-
wees’ assessed the importance and inﬂuence of the Planning Commis-
sion (which plays a key role for planning infrastructural development in
India), Ministry of Earth Sciences and Ministry of Science and Technol-
ogy, as much lower than suggested by their online presence. In contrast,
the Ministry of Water Resources and Ministry of Drinking Water and
Sanitation, which portray little online interest in climate change
adaptation, were commonly cited by respondents.
3.4. Findings from interviews with key representatives
The ﬁndings from the interviews are presented in three sections: (1)
involvement in adaptation initiatives; (2) barriers to adaptation; and (3)
creating enabling mechanisms.
3.4.1. Involvement in climate change adaptation
Interviewees’ involvement in climate change adaptation activities
can be categorised into four broad groups (Table 1). The most common
activity is to build the adaptive capacity of water users, municipal
engineers and government oﬃcials by raising awareness through
seminars, workshops etc. This includes demonstrating adaptation
measures at the local level by, for example, teaching local communities
to plan, design and manage rainwater harvesting structures, and local
reuse of water. Research to better understand regional projections of
climate change, and associated impacts and vulnerability, and the
collection of hydrological data to inform analysis, research and
management/policy responses, were also mentioned.
NGO interviewees described their involvement in advocacy and
building inter-institutional networks for information dissemination, in
contrast to the Union Government Ministries and Government
Agencies. Some research interviewees also stated their involvement as
brokering linkages between government agencies and departments, in
addition to involvement in framing policies and guidelines for reducing
water demand. Most interviewees were aware of the government’s
recent adaptation planning initiatives within the National Water
Mission and other Missions under the NAPCC, but their own activities
are largely addressing current problems of increasing water demand
and extreme events rather than purposefully addressing climate change
adaptation.
3.4.2. Barriers: factors stopping institutions from adapting water
management to climate change
The main barriers to adapting to climate change for water manage-
ment in India are summarised in Table 2. A lack of capacity, which
includes knowledge of climate change and lack of ﬁnancial resources,
technology, and infrastructure were the most cited barrier. Many
respondents identiﬁed knowledge deﬁcits as a major barrier at various
levels, due to the disconnection between researchers, policy makers,
practitioners and local communities. For example: ‘more than ninety
percent of the research that is going on in the climate change is not going to
help the adaptation for community because the most important stakeholder
… are not included in that planning’ (NG14).
The lack of infrastructure as well as its deteriorating state was
highlighted: ‘the present systems particularly in irrigation… is not in a good
shape. …. Over the years systems have deteriorated − particularly the
conveyance system. So a huge capital is required and that is a challenge’
(GA01). ‘Our paradigm has been to build certain things ….do not manage it
properly… deteriorated and then we rebuild…. we didn’t have proper
Fig. 4. Comparison of Union Government institutions’ online returns with “water”, “climate change”, “adaptation”, and “mitigation” keywords (Searched during 13–23 May 2013).
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institutions to manage them eﬀectively and properly’ (RI14). Deteriorating
infrastructure has meant that the water institutions are occupied with
addressing current deﬁciencies rather than future concerns.
Eleven respondents cited barriers due to bureaucratic hurdles and
delays in project approvals and systemic deﬁciencies. Respondents
expressed scepticism about the ability of existing institutional mechan-
isms to deliver adaptation polices and strategies being framed by the
Government through the National Water Mission. Bureaucratic pro-
cesses delay or render data and information (which are with govern-
ment agencies) inaccessible, despite protocols to make non-restricted
data accessible, hindering or delaying research and adaptation plan-
ning:
‘You have to write to the concerned head of the department or the
institute and then he will mark [delegate] to the concerned oﬃcer to give
the relevant information. So diﬃculties are there and procedures are
deﬁnitely not so simple’ (AI25)
Ambiguities in the responsibilities between the State and the Union
and of groundwater ownership were commonly cited as resulting in
institutional bottlenecks. A respondent stated that ‘India is highly under
prepared’ (NG15) to address climate change impacts for water manage-
ment. He suggested that the challenges will become visible at the
implementation stage: ‘the proof will be in the pudding, … when the work
starts… we are going to run into … institutional bottlenecks’ such as ‘the
jurisdictional [ambiguities]…between the Centre and the States… because
water is by deﬁnition a “state issue” [but] most of these problems cannot be
tackled at the state level. There has to be a basin level approach [which
requires that] more than one State has to collaborate, but the “battle
between one State and another… is going to be a major challenge” (NG15).
In addition to this, ‘[the] juridical and legal framework for groundwater….
is still a grey area… even the national water policy has not properly
enunciated … States have not agreed’ (NG15). In a similar manner: ‘… lots
of debates come whether water is a State issue. … when it comes to policy
making or implementation, it gets aﬀected because there is a lack of clarity’
(UM13).
One of the main barriers to climate change adaptation is the lack of
eﬀective coordination within the ‘unorganized’ (RI11) water sector
which was identiﬁed by respondents from government institutions,
NGOs and research institutions. Many respondents from the govern-
ment institutions admit that they work in silos and do not share data,
which is compounded by the lack of adequate human resources that
constrains eﬀective coordination and the maintenance of active net-
works, even though they get ‘good responses’ (GA01) from other sectors
and institutions. Frequent changes of personnel due to departmental
transfers, particularly in the government institutions, hinder the devel-
opment of long-term relationships.
Many of the identiﬁed barriers are inter-related and multi-layered.
The weak institutional structure means that adaptation plans and
strategies framed at the Union level fail to be adequately implemented.
This is compounded by poor monitoring and ineﬀective follow-up of
adopted strategies: ‘the subsequent follow up was not up to the mark; up to
the level that it should have been’ (RI17). An NGO representative
described an example of the gap between stated protocols and
implementation:
‘… every agriculture department at the block level have to record the
rainfall data. … But that is only provision. We need a mechanism for
monitoring also whether those data are being recorded or not. If they are
not recording what is the problem they are facing’ (NG14)
The lack of a strong cohesive network among the institutions
involved in water management means that:
‘Water sector … where almost eleven ministries are already looking into
water from their own perspectives and they are all in their own eyes. So
the problem is one institution does not speak to the other and therefore
the integration is not there’ (RI11)
Climate Change Cells, a unit within a government department often
with additional responsibility but without additional manpower, have
been established in many of the State and Union Government Ministries
and are supposed to coordinate climate change activities. However, a
Fig. 5. Web-based networks of involvement/interest (size of nodes and ‘n’ adjacent to institution name) and inﬂuence (width of arrows) in climate change adaptation for water
management for six key institutions.
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respondent, reﬂecting on the experience of working with State
Government departments, noted that the Climate Change Cells are
not fully integrated with the other departments and end up being non-
functional:
‘When we talk about the climate change, a lot of the States in India have
Climate Change Cells but what is happening right now is that the schemes
get directly implemented through diﬀerent departments. … The Climate
Change Cell is just becoming standalone over there’ (NG21)
3.4.3. Creating enabling mechanisms: aspirations and suggestions
Table 3 presents key strategies or opportunities suggested to over-
come the identiﬁed adaptation barriers. Single respondent views were
regarded as equally valid as those suggested by multiple respondents.
The suggestions of many of the respondents ﬂow from what they are
already doing. For example, those who stress the need to involve local
communities and improve networking and coordination among key
stakeholders are those already involved in building networks for policy
advocacy:
‘There are other stakeholders, you may call it beneﬁciaries, they have to
be roped into the plan and in water sector it is very important for the
success and sustainability of an intervention. … Therefore like we do in
our projects, the stakeholder participation has to be right from the
planning stage wherein you not only listen and you not only look into the
science and the impacts which is scientiﬁcally driven or scientiﬁcally
understood and derived’ (RI11)
The need for bottom-up engagement of water user communities as
key stakeholders within adaptation planning is stressed by NGOs: ‘what
we say is basically the need for paradigm change. The way the water is
handled today… is more institutional. There is no role of community, role of
users/beneﬁciaries. How we can conserve water…’ (NG09). In contrast,
research institutions tended to suggest restructuring of water govern-
ance institutions with an emphasis on the basin level approach or
integrated catchment framework, while the Union Ministries emphasise
top-down: ‘when the programs are made at the Central level at the highest
level, we are using a top-down approach. So we should do the convergence
also from the top-down’ (UM16).
Since ‘climate change is bottom up as well top down’ (NG21), the need
for more eﬀective vertical coordination is stressed. All respondents
acknowledged the need to strengthen inter-organisational networks to
enhance adaptive capacity. Inter-institutional networks, such as the
Indian Network on Climate Change Assessment (MEF, 2010; Sharma
and Chauhan, 2011), are being promoted in India for knowledge
sharing and collaborative research and advocacy. However, it is the
NGO representatives who are more actively involved in network
building initiatives, such as CAN-SA (Climate Action Network: South
Asia) and VANI (Voluntary Action Network India).
Most respondents stressed the importance of the State Governments’
role in climate change adaptation for water management and the need
for State governments to play a greater role in order to change the
habits and culture of water users to achieve eﬃcient utilisation of
water. Whilst the Union level institutions analyse the system from the
national perspective, they expect the actual implementation to be
carried out by the State governments. The main interaction is through
the allocation of ﬁnancial resources from Union Government to State
government institutions so that the State governments can ‘establish the
demonstration programs of best practices so that people will be able to
replicate those kinds of practices’ (UM2).
Government agencies desired the adoption of more eﬃcient tech-
nologies for hydrological monitoring and water use and improved water
infrastructure including through increased storage capacity. The need
to develop guidelines and standards for improving water use eﬃciency
and incorporating climate change factors into ﬂood estimation was
suggested by NGO representatives, government agency practitioners
and research scientists. Dissemination of information, including free
access to restricted hydrological data, was desired by NGOs and
research institutions. The soft skills, such as the capacity to understand
risks and take appropriate contextual measures, for enabling adaptation
were also emphasised: ‘But more than that … [storage structures]… the
software part is really important …we have to improve the… software part
of the management’ (RI04). In a similar manner another respondent
emphasised: ‘at the moment software is more important than the hardware’
(RI11).
4. Discussion
Water institutions are generally analysed from two perspectives;
from internal institutional design principles and/or the institutional
environment such as the legal laws in which the institution operates
(Ananda et al., 2006; Blomquist et al., 2004; Gandhi and Namboodiri,
2009). This research goes beyond both of these and includes an analysis
of the inter-institutional inter-actions necessary to understand the
barriers and the opportunities for creating enabling mechanisms
(Biesbroek et al., 2013). Moreover, combining quantitative assessment
of institutions’ outward facing online presence with in-depth qualitative
assessment of the views of key institutional respondents enabled the
Table 1
Involvement in climate change adaptation. ‘N' in ﬁrst column indicates the number of respondents whose transcripts contain the respective code.
Involvement Illustrative example quotes
Building capacity [N = 10] ‘We are regularly conducting training’ (GA12)
‘We organised a workshop …[with] state government’ (GA01)
‘We train them how to plan, design and implement best management’ (NG09)
‘We are involved to disseminate knowledge on the rain water harvesting’ (RI07)
Vulnerability and impact assessments
[N = 8]
‘…lots of works in understanding the glacial hydrology and how due to the climate it is being aﬀected’ (AI06)
‘We have now entered into climate modelling’ (RI11)
‘We are more interested in research and development of how the water cycle is changing’ (UM18)
Building networks and advocacy
[N = 8]
‘We are creating a network of NGOs to disseminate information on climate change issues’ (NG14)
‘We are targeting …establishing knowledge management platform for the Ministry of Agriculture to disseminate and collect …information
for …adaptation’ (NG14)
‘We network with a fairly wide network of group of NGOs and Civil Society organisations…ﬁfty or sixty organisations’ (NG15)
‘I was in a case … to bring in all the departments together … because they then will understand what are the linkages, cross-linkages of
issues amongst them and therefore what is the need for them to actually work in a very coordinated manner’ (RI11)
Policy interventions and guidelines [N = 7] ‘…involved in the draft for National Action Plan on Climate Change’ (RI11)
‘We provide inputs to the National Water Mission’ (UM18)
‘We have revised the National Water Policy …and now working on the implementation … of the Water Mission’ (GA01)
‘One of the adaptation strategies we produced on water use [eﬃciency]…We do not have an Indian standard before. I am one of the panel
members on …water eﬃciency’ (NG09)
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identiﬁcation of key institutions and their (lack of) involvement from
both perspectives, in addition to understanding the practitioners’
perspectives of practical barriers.
The keyword analysis of the online documents of the Union
Government institutions in Fig. 3 is revealing. Although all Union
Government institutions are similar in certain aspects; each of them
headed by a Minister, for example, their responsibilities and the nature
of public engagement varies. Depending on their speciﬁc mandates and
priorities, the degree of involvement in climate change adaptation
discourse is expected to vary. However, institutions such as the
ministries of Water Resources, Drinking Water Supply and Sanitation,
Urban Development, and Agriculture, which would be expected to be
sensitive to the impacts of climate change and therefore visible in the
climate change discourse, make infrequent reference to climate change
in their online documents compared to institutions such as ministries of
Finance and External Aﬀairs (Fig. 4). This indicates the need for a
greater involvement by the climate sensitive institutions in the dis-
course, even though the involvement of the ministries of External
Aﬀairs and Finance is unsurprising given the global nature of climate
change, India’s many transboundary rivers and the availability of
ﬁnancial resources being an important determinant of adaptive capa-
city. However, the lesser visibility of climate sensitive institutions such
as Ministries of Water Resources, Earth Sciences, Agriculture raises
concern. Whilst the less visible references to “climate change adapta-
tion” in their online documents may arise from many climate change
impacts being indirect, such that adaptation actions are not named, if
the Government of India claims to have a commitment for making its
activities more transparent and making its information more accessible
to the public (GoI, 2005; Prasai and Surie, 2015), increasing the online
visibility by these water sensitive institutions is desirable.
The online documents analysis indicate a contrasting view point to
Thaker and Leiserowitz (2014) who reported a shift in the climate
change discourse in India towards recognising the co-beneﬁts of
aligning its development and climate change objectives. The (online)
documents indicating a greater reference to mitigation rather than
adaptation could be due to the more recent shift in global emphasis to
adaptation (Handley et al., 2006; Klein et al., 2005); but it also reﬂects
a preference for top-down mitigation activities in contrast to adaptation
as a bottom-up activity.
Climate change will be particularly experienced through a changed
water cycle (Goodess, 2012; Kumar et al., 2011; Mathison et al., 2012),
so an understanding of their inter-relationship would be expected in
government documents. The inverse correlation between the online
returns for “water” and “climate change” (Fig. 4) indicates a potential
disjoint in the climate impacts and vulnerability discourse at the
government level, notwithstanding the diﬀerences in institutional size,
mandates and responsibilities. Union Government institutions such as
the Ministries of Drinking Water Supply and Sanitation, Power, Water
Resources, and Urban Development portray greater interest in water
than climate change. This suggests that the understanding of climate
change impacts on water governance (Balasubramanian and Birundha,
2012; Charlton and Arnell, 2011; Eriksson et al., 2009; Thampi and
Raneesh, 2012) is being largely ignored, leading to an apparent lack of
high-level concern for adaptation (Mastrandrea et al., 2010; Moors
et al., 2011).
It would be hoped that the quantitative online and qualitative
interview analyses produce harmonised and consistent outward and
inward perspectives. However, the online visibility of national-level
institutional interactions contrasts with the perspectives of many
institutional representatives. For example, the Planning Commission
has a very strong online presence due to its inﬂuential role in ﬁnancial
resource allocation for infrastructure development in India, but oﬃcials
from the various implementing institutions do not identify it as a key
partner for activities related to adapting water management to climate
change. In contrast, the Ministry of Water Resources has a very limited
online presence that is suggestive of a weak leadership role within the
climate change adaptation discourse. Although they coordinate advi-
sory committees drawn from diﬀerent Union and State Government
institutions (Fig. 1) supporting the National Water Mission under
NAPCC, respondents are sceptical of the ability of existing institutional
mechanisms to deliver associated adaptation polices and strategies.
This is suggestive of a leadership gap between the aspirational ideals
Table 2
Main barriers to adaptation. ‘N' indicates the number of respondents whose transcripts contain the respective code.
Barriers Illustrative example quotes
Lack of knowledge capacity, ﬁnancial and human resources,
technology, and infrastructure
N = 12
‘not possible with the limited infrastructure’ (GA12)
‘government agencies lack capacity’ (NG15)
‘detailed study is not there under the climate change scenario’(RI07)
‘The biggest challenge with climate change as of now is uncertainty’ (RI11)
‘we do not have barefoot hydrologists’ (AI06)
Bureaucratic and systemic deﬁciencies
N = 11
‘Government systems are mammoth systems and [laughs]… it takes time for things to be materialised by the
government’ (GA01)
‘bureaucratic processes and excesses becomes a little diﬃcult’ (NG21)
‘the government agencies…providing that link are quite weak …there is no ﬂow of the information from the
upstream to downstream’ (RI14)
‘the mission mode implementation requires a diﬀerent arrangement…total freedom to work‘ (UM13)
Poor coordination and awareness
N = 8
‘It is an institutional problem of how to bring multiple agencies together’ (NG15)
‘the problem is one institution does not speak to the other and therefore the integration is not there’ (RI11)
‘the systems of collaboration is still very weak’ (RI14)
‘Many organisations, ministries …states are involved in the water resources management… So to manage all the
departments … is the main challenge’ (UM18)
Inadequate policies and conﬂicts of interests
N = 7
‘India is actually highly under prepared… in terms of adaptation… to build climate resilient policies’ (NG15)
‘totally unorganized’ (RI11)
‘when it comes to policy making or implementation… there is a lack of clarity [between Centre and State]’
(UM13)
Inaccessibility to information and data
N = 6
‘…you can’t ﬁnd the temperature and rainfall data at the block level. There is no data available there. How we
can make a plan?’ (NG14)
‘Unfortunately the classiﬁed region covers nearly two-third of our water resources’ (RI17)
Lack of involvement of user communities
N = 5
‘There is no role of community, …users [and]… beneﬁciaries. How we can conserve …[and] manage water
[without their involvement]?’ (NG09)
Other challenges due to growing demands N = 4 ‘the challenge is to ﬁrst provide them with basic amenities then talk about conserving or adapting’ (NG09)
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within the National Water Mission and the realities of climate change
adaptation.
The interviewees in this research are key oﬃcials in important
water management-related institutions in India and their understanding
of potential climate change impacts on water management are con-
sistent with government documents (such as, MEF, 2010, 2009; MST,
2010; MWR, 2011). Beliefs and perceptions of risk are an important
ﬁrst step towards adaptation (Adger et al., 2009; Richards et al., 2013)
as they have signiﬁcant impact on decision makers (Halady and Rao,
2010), potentially inﬂuencing policies and actions for creating the
physical and institutional environment for adaptation (Hinkel, 2007)
and shaping how institutions adapt to climate change (Berkhout, 2012;
Eisenack and Stecker, 2012). Respondents from institutions operating
at the national Government level believe their role is to enhance the
adaptive capacity of implementing agencies at the State or local level
through formulating and evolving policies that facilitate the translation
of capacity into action (Eisenack and Stecker, 2012), and creating
networks of institutions to share knowledge and information. Conse-
quently, respondents predominantly stated their adaptation intent or
objectives, rather than actual adaptation actions; demonstrating that
perception of risk at the national (Union) level does not necessarily lead
to adaptation (Lesnikowski et al., 2013).
Although cases of purposeful adaptation reported by interviewees
are limited, a broad range of enabling activities are being initiated to
overcome barriers and develop the cross-sectoral cooperation needed to
facilitate adaptation (Hinkel, 2007) including capacity building, mak-
ing resources available and/or fostering a conducive environment for
adaptation. Climate change is a complex, multifaceted and on-going
process (Adger et al., 2005; Brown et al., 2013a,b; Moser and Boykoﬀ,
2013) that requires actions by individuals, communities, governments
and international agencies across multiple sectors (Berkhout, 2012;
Huntjens et al., 2012; Simonet, 2010), which is being recognised by the
respondents from key national level institutions.
There is clear recognition of the importance of raising awareness
(Tang et al., 2009), building capacity (Engle, 2013; Keys et al., 2013),
information and resources sharing through eﬀective networks. The
success, or otherwise, of these activities by Union level institutions will
become visible at the local level where enhanced adaptive capacity is
needed to deliver actions that are local and contextual (Halder et al.,
2012). Signiﬁcantly, the lack of resources, although mentioned by
many respondents, is neither the most important nor the most
commonly cited barrier in this study. The core issue is the lack of
institutional mechanisms for facilitating the translation of existing
resources into adaptation. Many of the barriers identiﬁed here are not
speciﬁc to climate change alone. The study shows that barriers such as
lengthy bureaucratic protocols for decision making and resources
allocation (Samra, 2004), deﬁcient monitoring and implementation of
policies, poor coordination between diﬀerent government departments
and ministries, and inaccessibility and unavailability of data and
information are part of the wider governance issues. Overcoming these
barriers is, therefore, necessary to ensure that adaptation is not
constrained by the uncertainty of the magnitude of future impacts
(Adger et al., 2009) but also for eﬀective governance of water and
utilisation of resources. Although barriers such as bureaucratic delays,
inaccessibility of available data, unclear or overlapping responsibilities
and lack of post-implementation monitoring are not unique to India
(Ballard et al., 2013; Biesbroek et al., 2014; Giﬀord et al., 2011; Hamlet
2011; Sietz et al., 2011; Sciulli, 2013), they arise in India as a
consequence of speciﬁc cultural and behavioural attitudes and institu-
tional bottlenecks in addition to resource limitations (Azhoni et al.,
2017). Barriers arising due to conﬂicts over sharing of resources
(ﬁnancial and natural) between institutions operating in diﬀerent
sectors and regions in India are further elaborated by Azhoni et al.
(2017).
As a consequence, the barriers identiﬁed are largely manmade and
malleable (Moser and Ekstrom, 2010) and hence can be overcome with
suﬃcient political will through continual improved institutional design
(Huntjens et al., 2012) that incorporates eﬀective planning, implemen-
tation and monitoring, polycentric governance that enables active and
equitable involvement of stakeholders and proper allocation and
utilisation of resources. Since overcoming barriers requires time
(Eisenack et al., 2014) and is diﬃcult to conﬁrm its success (Berrang-
Ford et al., 2011), it requires continuous evaluation and iteration.
Although many respondents, particularly NGOs, insist that local com-
munities and users should be included as important stakeholders from
the inception of adaptation planning, they also recognize the crucial
role of government institutions through the dominant top-down process
in the Indian water sector (Berkhout 2012; Butler et al., 2015). The
government institutions, therefore, require visionary leadership (Wilby
and Vaughan, 2011) to champion the implementation of adaptation
Table 3
Strategies for removing adaptation barriers suggested by interviewees.
Suggested strategies Representative quotes
Behavioural, cultural or attitudinal change • ‘address water as a resource and community's role in water management at the forefront’ (NG09)• ‘improve the understanding of the people who are supposed to manage water’ (NG09)• ‘you have to work with the community’ (NG14)
Institutional and structural change • ‘There has to be a basin level approach.’ (NG15)• ‘integrated framework of water management’ (RI11)• ‘Gradually it should be part of the process where their capacity building awareness program has to be regularly sunk into their
activities.’(RI11)
• ‘barefoot hydrologists … who can really work in the ﬁeld … collecting data and information’ (AI06)• ‘each state [should] see what is the kind of scenarios in their own states and try and link with other agencies’ (RI11)• ‘integrate our state priorities and programs in line with the scientiﬁc outputs’ (RI11)• ‘guidelines deﬁnitely have to be there’ (RI11)• ‘the drive has to be from the top’ (RI11)
Operational and technological change • ‘use of latest technologies and tools’ (GA01)• ‘need for artiﬁcial recharge’ (GA24)• ‘besides increasing … eﬃciency…. increase … water storing capacity’ (GA01)• ‘Rainwater harvesting is deﬁnitely one important thing’ (NG21)• ‘we also need a lot of innovative and new technologies or low-cost technologies for irrigation’ (NG21)• ‘eﬃcient tools and technologies [for] water conservation’ (RI11)• ‘capacity building has to be more intensive and more frequent’ (RI17)
Development and dissemination of knowledge • ‘incorporate climate change aspects in probable maximum ﬂood analysis’ (GA01)• ‘Guidelines … for water use eﬃciency’ (UM20)• ‘everything [should be] on the website’ (RI07)• ‘capacity building has to be more intensive and more frequent’ (RI17)
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strategies, as the aspirational goals of the National Water Mission will
not be delivered unless the vertical and horizontal inter-institutional
networks are strengthened to operationalize the intended adaptation.
Creating the enabling environment needed to deliver climate
change adaptation in the water sector in India will require behavioural
and attitudinal change, in addition to institutional and structural
changes and the availability of information, guidelines and resources
(Azhoni et al., 2017). Achieving these changes should enable adapta-
tion to be recognised as an opportunity for creative solutions to support
continued sustainable development of India and not as an alternative to
mitigation (Mastrandrea et al., 2010; Simonet and Fatorić, 2015).
5. Conclusion
This paper broadens the understanding of complex, multi-layered
inter-relationships between institutions involved in climate change
adaptation, depicted by India, through combining the quantitative
online data-mining analysis of social networks with qualitative evalua-
tion of multi-stakeholder involvement gained through in-depth inter-
views with representatives from key institutions. This novel analytical
approach provides new understanding of the inter-institutional dy-
namics between the key institutions involved in climate change
adaptation and a novel opportunity to understand the weak linkages
between speciﬁc key institutions. Although the systematic online
document evaluation of who is involved, interested, and with whom
in climate change adaptation may provide a partial projection of how
key institutions are involved in climate change adaptation, this
approach is particularly relevant in an information technology era in
which institutional websites, rather than buildings, provide the public
image that people ‘visit’ and draw conclusions as to the institution’s
mandate, involvement and interest.
The limited emphasis given to adaptation in the Indian Union-level
Government institutions’ online presence reﬂects their preference for
top-down mitigation activities in contradiction with the National Water
Mission. The online document analysis also identiﬁes a disjoint in the
climate change and water discourse at the government level as a
consequence of the complex vertical institutional framework and the
Union-State tension over water. Union Government institutions believe
their role is to enhance the adaptive capacity of implementing agencies
at the State or local level through formulating policies that facilitate the
translation of capacity into action and creating networks to share
knowledge and information. The awareness and acknowledgement of
interviewees of likely climate change impacts on water management
and their desire to engage constructively represent valuable opportu-
nities for creating the enabling mechanisms for adaptation and for
improving water management in India. However, barriers such as
bureaucratic delays, data inaccessibility, unclear responsibilities and
lack of post-implementation monitoring arise in India as a consequence
of unique cultural and behavioural attitudes and institutional bottle-
necks in addition to resource limitations. Improved vertical and
horizontal understanding of inter-institutional networks will support
the vital role of networks for creating the necessary enabling conditions
for adaptation and also for eﬀective governance of water and utilisation
of resources.
This study suggests that, in a developing country context, climate
change is rarely the sole motivation for adapting water to climate
change so that the perceived opportunities that climate change may
bring lie in enabling policy-makers to allocate additional resources for
water infrastructure development. The ﬁndings of this study suggest
that adaptation strategies in developing countries, such as India, need
to be aligned with delivering co-beneﬁts from developmental projects.
However, developing countries, such as India, that have a complex
multi-layered system of water governance need to address the institu-
tional and systemic challenges that hinder the smooth coordination and
accessibility to data and information and the competing priorities of
infrastructural and technological developmental priorities.
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